Introduction
============

It is reported that tobacco consumption kills up to half of its users and is responsible for the death of 8 million people in each year.[@b1-AHJ-12-109] Hookah (shisha, ghalyan, narghile, hubble bubble) tobacco smoking is a traditional and non-cigarette form of tobacco use becoming more prevalent worldwide, especially among youth.[@b2-AHJ-12-109] In waterpipe tobacco smoking (WTS) or waterpipe smoking (WPS) method, tobacco is burned by hot charcoal and their combined smoke is passed from a bowl before inhalation by user. The details were explained previously.[@b3-AHJ-12-109] Despite the existing evidence in relation to more severe complications of WTS than smoking cigarettes, unfortunately because of the lack of negative social norm against this type of smoking and also exotic, social, and group nature of this behavior, the WTS is growing fast among the youth compared to cigarette smoking.[@b4-AHJ-12-109] The prevalence of hookah smoking consumption in Middle Eastern societies is estimated at 6.0% to 43.8% of their population, especially among adolescents.[@b5-AHJ-12-109]-[@b7-AHJ-12-109] It is reported that in general, the prevalence among adults was highest in the Eastern Mediterranean, and among youth was about equal between Eastern Mediterranean and European regions.[@b8-AHJ-12-109] WTS is associated with pulmonary inflammation, oxidative stress, chronic pulmonary dysfunction, cardiovascular and hematological impairments, and lung, gastrointestinal (GI), and bladder malignancies.[@b4-AHJ-12-109]

Some users believe that using hookah with exercise can prevent its negative effects. Unfortunately, based on this unconfirmed belief and despite the lack of adequate scientific information regarding the difference of hookah side effects in athletes compared to non-athletes, we are witnessing an increase in hookah smoke consumption in the athletes\' community.[@b9-AHJ-12-109] To examine this attitude, we investigated the effects of concurrent hookah smoking and endurance training on lung histology and also some cytokines and antioxidants levels of lung tissue in rat.

Methods
=======

Study was conducted with considering the principles of the national guideline for using laboratory animals and protocol was approved by the Ethics Committee of Kerman University of Medical Sciences, Kerman, Iran (permission no. EC/96-10/KNRC). Materials were purchased from different companies as below: Cotinine kit (Sigma-Aldrich, UK), thiopental sodium (Sandoz, Austria), double apple flavor tobacco (Al Fakher, Ajman, UAE), lipid peroxidation assay kit (Navand, Iran), rat interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-α), IL-10, and IL-1β enzyme-linked immunosorbent assay (ELISA) kits (Hangzhou Eastbiopharm Co., LTD, China), rat superoxide dismutase (SOD) and glutathione peroxidase (GPX) ELISA kits (Shanghai Crystal Day Biotech Co., China).

Twenty-four male Wistar rats in the weight range of 200-250 g were randomly divided to sedentary control (CTL) group, exercise training group (Ex group) who practiced swimming for 8 weeks, sedentary smoking (S) group which was exposed to WPS (30 minute/day) during study, and exercise plus WPS (S + Ex) group which received smoking plus exercise training. The animals had free access to water and food, and 12-hour light/12-hour dark cycles were applied during study.

***Smoking protocol:***A chamber with dimensions of 50 (length) \* 30 (width) \* 12 (height) cm was prepared in order to put the animals there for smoking inhalation. The details of smoking machine operation method was described previously.[@b3-AHJ-12-109] The cycle for WPS ventilation was two thirty consecutive seconds, which included 30 seconds release of smoke into the chamber, then smoke valve was closed and fresh air flowed to wash the chamber and the animals inhaled the fresh air for 30 seconds. This cycle was repeated 30 times (30 times × 1 minute exposure = 30 minutes exposure session) for S and S + Ex groups daily. The level of carbon monoxide (CO) concentration was maintained at similar levels \[mean ± standard deviation (SD): 886 ± 103 parts per million (ppm)\] during all of the exposure sessions by Testo 310 (Germany) CO measurement device. Sedentary and Ex groups also were placed in the chamber for 30 minutes to simulate the environment stress.[@b3-AHJ-12-109]

***Exercise training:***The exercise model was swimming and was performed for 5 days/week with low to moderate severity based on previous studies.[@b3-AHJ-12-109],[@b10-AHJ-12-109] In brief, training exercise was done in a pool with 50 (depth) and 120 (length) cm containing warm water (30-32 °C). It began with 20 minutes on the first day and was enhanced to 10 more minutes every following day, so the final period was 60 minutes at the end of first week. During the next weeks, the exercise duration was constant (60 minutes/day); however, animal was carrying a caudal dumbbell equivalent to 2% of its body weight when swimming. The dumbbell weight gradually increased to 5% of body weight on the sixth week and then the weight remained constant until the end of the study. The simulation of the water stress also was imposed for sedentary rats.[@b11-AHJ-12-109]

***Blood sampling and cotinine measurement:*** 24 hours after the end of the smoking and exercise program, under deep anesthesia by using sodium thiopental \[50 mg/kg, intraperitoneal (i.p.)\], blood sampling was done. Then the serum was separated and cotinine level was measured by ELISA kit according to its manufacturer's instructions.

***Measurement of cytokines, malondialdehyde (MDA), and antioxidants:***A part of left lung was removed and rinsed with ice-cold phosphate-buffered saline (PBS) (pH: 7.4) for molecular measurement. For assessments of TNF-α and ILs (IL-1β, IL-10, and IL-6), 40 mg of lung tissue was homogenized on ice and centrifuged at 3000 revolutions per minute (rpm) for 20 minutes at 4 °C and 60 μl of the supernatants were utilized for additional analysis. The concentration of total protein was measured by Bradford method. Quantitative assessments of cytokines concentrations were measured using their ELISA kits based on manufacturer's instructions. SOD and GPX activity was measured according to the manufacturer's instructions. Briefly, 50 mg of lung tissue was homogenized on ice in proper amount of PBS (pH = 7.4). The sample was then centrifuged at 3000 rpm for 20 minutes at 4 °C. 40 μl of the supernatant was used to measure the activity of enzymes. The absorbance of each sample was read under 450 nm wavelengths. The level of lung MDA, as an index of lipid peroxidation, was measured based on the concentration of thiobarbituric acid reactive substances (TBARS). 50-100 mg of lung sample was homogenized using 1.5% potassium chloride solution. The homogenate was centrifuged at 1200 rpm for 10 minutes. 250 μl of the supernatant was used to measure it according to the kit\'s instructions.

***Lung histopathological scoring and alveolar number (AN):***The lung of each animal was harvested and fixed in 10% neutral formalin for 24 hours. Then, under dehydration by increasing concentrations of ethanol, the lung tissue was cleared with xylene and embedded in paraffin. 5-μm sections were prepared from paraffin blocks and stained with haematoxylin and eosin (H&E). The stained sections were blindly evaluated by the pathologist using light microscopy. H&E-stained slides were scored absent (0), minimal (1), mild (2), moderate (3), and severe (4) lesions for the following parameters: peribronchial inflammation, inflammatory cell infiltration (ICI), expansion of the alveolar interstitial space, enlargement of airway, destruction of septum of alveoli, congestion, and fibrosis. The total lung score was expressed as the sum of the scores for each parameter. Mean AN (MAN) as an indicator for density of alveoli was calculated by MAN = AN/surface area (SA) (mm^2^) formula according to AN in each field of view and SA of the field.[@b12-AHJ-12-109]

The normality of data was assessed using the Shapiro-Wilk test and the homoscedasticity between groups was determined using Levene\'s test. The differences among quantitative data were assessed using one-way analysis of variance (ANOVA) and Tukey post-hoc tests. Differences of pathological scores were analyzed by Kruskal-Wallis test and Mann-Whitney test. P \< 0.050 was considered statistically significant.

Results
=======

***Cotinine:***Serum cotinine level as a reliable marker for smoking status significantly increased in WTS groups (P \< 0.001 vs. non-smoking groups). Smoking along with exercise training was associated with lower level of serum cotinine (P \< 0.010 vs. S group) but still was higher in comparison with non-smoking groups (P \< 0.001) ([Figure 1](#f1-AHJ-12-109){ref-type="fig"}).

***Histopathology:***semi-quantitative histological scoring of the lungs demonstrated moderate to severe inflammation, interstitial leukocytes infiltration, congestion, destruction of septum of alveoli, expansion of the alveolar interstitial space, and fibrosis in WPS group in comparison with CTL and Ex groups (P \< 0.001). Combination of exercise with WPS significantly decreased the negative effect of smoking (P \< 0.010); however, there was still some degree of damage in S + Ex group (P \< 0.050 vs. CTL group) ([Figures 2](#f2-AHJ-12-109){ref-type="fig"}, A and [3](#f3-AHJ-12-109){ref-type="fig"}).

Alveolar density was estimated by calculating MAN in a microscopic vision of the lung tissue. WPS was associated with reduction in AN/SA (mm2) when compared with CTL and Ex groups (P \< 0.001) and exercise training attenuated this effect (P \< 0.050 vs. S + Ex group). However, there was a significant difference in MAN between CTL and S + Ex groups of rats (P \< 0.010) ([Figures 2](#f2-AHJ-12-109){ref-type="fig"}, b and [3](#f3-AHJ-12-109){ref-type="fig"}).

***Cytokines:***WPS significantly increased the pro-inflammatory cytokines of lung tissue including TNF-α (P \< 0.001), IL-1β (P \< 0.010), and IL-6 (P \< 0.050) in comparison with CTL group. Exercise training mitigates the levels of pro-inflammatory cytokines in animals exposed to WTS. However, the levels of TNF-α and IL-1β still were higher in S + Ex group than CTL group (P \< 0.010 and P \< 0.050, respectively) ([Figures 4](#f4-AHJ-12-109){ref-type="fig"}, A, B, C). On the other hand, exercise alone and along with smoking increased the level of IL-10 as an anti-inflammatory interleukin (P \< 0.059 vs. CTL and S groups, respectively) ([Figure 4](#f4-AHJ-12-109){ref-type="fig"}, D).

***MDA and antioxidants:***Smoking or exercise alone had no significant effect on GPX and SOD activities of lung tissue; however, their combination increased the GPX activity in S + Ex group (P \< 0.050 vs. CTL group) ([Figures 5](#f5-AHJ-12-109){ref-type="fig"}, A, B). On the other hand, MDA significantly increased in animals exposed to hookah smoke (P \< 0.050). Concomitant exercise with WTS prevented the increasing effect of smoking on MDA level of lung tissue in S + Ex group ([Figure 5](#f5-AHJ-12-109){ref-type="fig"}, C).

Discussion
==========

Present study was conducted to examine whether exercise has any influence on the harmful effects of WTS on the lung tissue. The results indicated that 4 weeks of shisha smoking significantly increased the serum level of cotinine and induced lung lesions as decreasing in ANs, increasing congestion, inflammation, leukocytes infiltration, expansion of the alveolar interstitial space, fibrosis, and other injuries in rats. Smoking increased the pro-inflammatory cytokines such as TNF-α, IL-1β, IL-6 and decreased the IL-10, an anti-inflammatory interleukin, and also increased the MDA, a lipid peroxidation index in lung tissue.

Cotinine is an alkaloid of tobacco and is the predominant metabolic of nicotine.[@b13-AHJ-12-109] It is a biomarker for exposure to tobacco smoke and its increasing in smoking groups in present study confirmed the method.

Consistent with our findings, there is sufficient evidence that confirms the damaging effect of WPS on lung tissue. WTS contains similar toxins to cigarettes toxins; however, it nearly has a 4-fold more CO exposure and 56-fold more inhaled smoke volume than cigarette smoking.[@b10-AHJ-12-109] WPS can suppress the pulmonary function which can lead to an increasing risk of chronic obstructive pulmonary diseases (COPD).[@b14-AHJ-12-109] Compared with non-smokers, Waterpipe smokers have more coughing with sputum expectoration, lower lung diffusing capacity, abnormal epithelial lining fluid metabolome profile, reduced amounts of small airway epithelial ciliated and basal cells, and raised levels of apoptotic endothelial cell microparticles.[@b15-AHJ-12-109] WPS decreases the proliferation of alveolar epithelial cells and leads to their cell cycle arrest,[@b16-AHJ-12-109] which may be associated with increase in oxidative stress. In line with our findings, previous studies reported that mice which were exposed to chronic WPS showed significant increase in the number of airway inflammatory cells,[@b17-AHJ-12-109] interstitial ICI, and airway resistance.[@b18-AHJ-12-109] Also, the results are in agree with another study which indicated that WPS increased the oxidative stress as a significant increase in lipid peroxidation markers, MDA, and nitric oxide (NO) levels in the lungs and liver of mice in the test group compared with the control group.[@b19-AHJ-12-109] In addition, inhaling the smoke of waterpipe increased the total white blood cell (WBC) count and enhanced the expression of pro-inflammatory cytokines such as IL-6, IL-1β, and TNF-α and decreased IL-10 in the bronchoalveolar lavage (BAL) fluid and lung tissue.[@b20-AHJ-12-109]

We also demonstrated that the destructive effects of WTS decreased but were not fully prevented in animals exposed to WTS which participated in swimming exercise training program. Results also showed that exercise training significantly attenuated the negative oxidant and pro-inflammatory effects of smoking in lung as decreasing MDA, IL-6, IL-1β, and TNF-α and increasing GPX and IL-10. With the best of our knowledge, only limited studies have focused on the effects of exercise on WTS-induced lung dysfunction. Aerobic physical training with moderate intensity can attenuate the development of pulmonary emphysema and lung elastance induced by chronic cigarette smoking.[@b21-AHJ-12-109] In agree with our findings, recently Nemmar et al. reported that WTS-exposed C57BL/6 mice showed focal moderate interstitial ICI and treadmill exercise training significantly reduced these effects and also decreased the WTS-induced increase of TNF-α and IL-6 concentrations in lung tissue. They suggested that this positive effect was mediated through inhibiting nuclear factor kappa B (NF-κB) and activating nuclear factor erythroid 2-related factor 2 (NRF2) signaling pathways.[@b18-AHJ-12-109] It is indicated that mild to moderate exercise leads to activation of NRF2/antioxidant response element (ARE) signaling and subsequent enhancement of antioxidant defense pathways.[@b22-AHJ-12-109],[@b23-AHJ-12-109] Previous studies showed the role of pro-inflammatory cytokines especially IL-6 and TNF-α in induction and continuation of cigarette- and WPS-induced inflammation.[@b18-AHJ-12-109],[@b24-AHJ-12-109],[@b25-AHJ-12-109] We showed that swimming exercise training significantly reduced the increase of TNF-α, IL-1β, and IL-6 caused by WPS which is in agreement with previous findings which showed that exercise training prevented the WTS and also exhausted particle-induced increase of pro-inflammatory cytokines in the lung.[@b18-AHJ-12-109],[@b26-AHJ-12-109]

Conclusion
==========

Our findings indicated that WTS disrupted the normal physiological equilibrium between the generation of free radicals/antioxidant defense and pro-inflammatory/anti-inflammatory mechanisms and hence, led to lung injury. Combination of 8 weeks of mild to moderate swimming exercise training with WTS significantly attenuated the WTS-induced lung injury partly through balancing of pro/anti-inflammatory and redox systems. Further studies are needed to assess the other involved mechanisms and generalize these findings to the clinic.
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![The values of serum cotinine in different animal groups Values are presented as mean ± standard error (SE), n = 6-7 in each group, \*\*\*P \< 0.001 versus control and exercise groups; \*\*P \< 0.010 versus waterpipe smoking (WPS) groups; \#P \< 001 versus other groups CTL: Control group; S: Sedentary waterpipe tobacco smoking group; Ex: Exercise training group, S + Ex: Waterpipe tobacco smoking + exercise training group](AHJ-12-109f1){#f1-AHJ-12-109}

![Lung histopathological score in different experimental groups The total score was expressed as the sum of the scores for peribronchial inflammation, inflammatory cell infiltration (ICI), interalveolar septal thickness, enlargement of airway, destruction of septum of alveoli, congestion, and fibrosis. Values are presented as mean ± standard error (SE), n = 5-6 in each group CTL: Control group; S: Sedentary waterpipe tobacco smoking group; Ex: Exercise training group; S + Ex: Waterpipe tobacco smoking + exercise training group; \*\*\*P \< 0.001 vs. control and exercise groups; \#P \< 0.010 vs. Ex + S group; ¥P \< 0.050 vs. control and exercise groups (A); Mean alveolar number (MAN) as an indicator for density of alveoli in each microscopic field of view; \*\*\*P \< 0.001 vs. control and exercise groups; \*\*P \< 0.010 vs. control and exercise groups; †P \< 0.050 vs. S group (B)](AHJ-12-109f2){#f2-AHJ-12-109}

![Microscopic fields of lung tissue in different groups at the end of study a) The normal lung tissue in control group, b) The lung tissue of waterpipe tobacco smoking (WTS) group. Severe extensive intercellular and interalveolar leukocytes infiltration, decreasing in alveolar number (AN), increasing in alveolar septal thickness and expansion of the alveolar interstitial space and congestion are obvious, c) The field of lung tissue of exercise training (Ex) group with mild congestion but unremarkable change, d) Lung tissue with congestion, mild expansion of interstitial space with focal mild to moderate inflammatory cell infiltration (ICI) in group exposed to both waterpipe smoking (WPS) and exercise training. Histopathologic examination was performed under a light microscopy at a magnification of × 400.](AHJ-12-109f3){#f3-AHJ-12-109}

![The effect of 8 weeks of waterpipe smoking (WPS) and/or swimming exercise on the levels of tumor necrosis factor alpha (TNF-α), interleukin 1 beta (IL-1β), IL-6, and IL-10 in animal groups. Values are presented as mean ± standard error (SE), n = 6 in each group CTL: Control group; S: Sedentary waterpipe tobacco smoking group; Ex: Exercise training group; S + Ex: Waterpipe tobacco smoking + exercise training group. A) \*\*\*P \< 0.001; \*\*P \< 0.010; \*P \< 0.050 vs. CTL group. B) \*\*P \< 0.010; \*P \< 0.050 vs. CTL group. C) \*P \< 0.050 vs. CTL and Ex groups. D) \*P \< 0.050 vs. CTL and S groups; ¥P \< 0.050 vs. S group](AHJ-12-109f4){#f4-AHJ-12-109}

![The effect of 8 weeks of water pipe smoking (WPS) and/or swimming exercise on the (A) superoxide dismutase (SOD) and (B) glutathione peroxidase (GPX) activities and the level of (C) malondialdehyde (MDA) in animal groups. Values are presented as mean ± standard error (SE), n = 6 in each group CTL: Control group; S: Sedentary waterpipe tobacco smoking group; Ex: Exercise training group; S + Ex: Waterpipe tobacco smoking + exercise training group. B) \*P \< 0.050 vs. CTL group; C) \*P \< 0.050 vs. all other groups](AHJ-12-109f5){#f5-AHJ-12-109}
